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2.1. Experimental design 
7KHH[SHULPHQWDOGHVLJQZDVUDQGRPL]HGEORFNDUUDQJHPHQWLQIRXUUHSOLFDWLRQV)RUERWKFURSVSORWVRIOHQJWK
PDQGURZVKDYHEHHQSODQWHG7KHURZVSDFLQJZDVVHWWREHFPDQGWKHLQWUDURZVSDFLQJZDVVHWWREH
FP7KHSORWDUHDGXULQJSODQWDWLRQZDVPURZVLQWKHPLGGOHRIWKHSORWPZHUHVHSDUDWHGIRU\LHOG
DQGFRPSRQHQWVVXFKDVSHUHDUZHLJKWSODQWDQGHDUKHLJKWFPDQGEODQNWLSRIHDUVKULYHOHGUHPQDQWVRINHUQHOV
EHFDXVH RI LQHIIHFWLYH SROOLQDWLRQ2WKHU SURSHUWLHV DQGSK\VLRORJLFDO REVHUYDWLRQV LQ HOHYHQSKHQRORJLFDO VWDJHV
*''GU\PDWWHUELRPDVVDQG5*5ZHUHPHDVXUHGRQWKHVLGHURZV
'XULQJWKHH[SHULPHQW\HDUVVRZLQJGDWHVKDYHEHHQGHWHUPLQHGDVDQGDQG
WKHHPHUJHQFHGDWHVKDYHEHHQGHWHUPLQHGDVDQG3*FRUQK\EULGLQ WKH
)$2JURXSDQG.FRUQK\EULGLQWKH)$2JURXSZHUHXVHGWRPDWHULDORIWKHVWXG\7KHGDWDRIWKH
VWXG\LVDYHUDJHRI3*DQG.FRUQK\EULGVYDOXHV
2.2. The traits measured and calculated in this research 
*URZLQJGHJUHHGD\V*''3ODQWGHYHORSPHQWVXEMHFWHGWRVWUHVVRIFHUWDLQH[WUHPHWHPSHUDWXUHUDQJHVHLWKHU
WRRKLJKRUWRRORZUHVXOWVLQVWUHVVGXULQJWKHSHULRGRIGHYHORSPHQW=DFKDU\,WLVUDWKHUVLPSOHWRFDOFXODWH
DQG WKHQ DGG XS WKH GDLO\ JURZLQJ GHJUHH GD\V WR NQRZ H[DFWO\ZKDW LV KDSSHQLQJ WR FURS GHYHORSPHQW ,WZDV
UHSRUWHGWKDWWKHYDOXHRIWHPSHUDWXUHLQWKHUDQJHRIR&DQGR&IRUFRUQSODQWVFUHDWHGRSWLPXPFRQGLWLRQV
ZLWKUDSLGGHYHORSPHQWRIWKHSODQWDWWHPSHUDWXUHVDURXQG&0DQ\UHVHDUFKHUVKDYHGHYHORSHGWKHIROORZLQJ
IRUPXODWRFDOFXODWH*''YDOXHVIRUFRUQDQGGHWHUPLQHGXVLQJWKHIROORZLQJHTXLOLEULXPVDFFRUGLQJWR*HUPDQ\HW
DO
*'' >7PD[7PLQ@±7EDVH
7PD[ 'DLO\ PD[LPXP WHPSHUDWXUH XS OLPLW R& 7PLQ 'DLO\ PLQLPXP WHPSHUDWXUH GRZQ OLPLW R&
7EDVHIRUFRUQR&
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,QRUGHU WRXQGHUVWDQG WKH LQWHUDFWLYH HIIHFWVRIGDLO\ WHPSHUDWXUHYDULDWLRQVRQSODQWJURZWKZHREVHUYHG DQG
UHFRUGHGWKHWHPSHUDWXUHGXULQJWKHWZR\HDUVWREHWWHUXQGHUVWDQGWKHUHODWLRQVKLSEHWZHHQFRUQSODQWJURZWKDQG
GDLO\ HIIHFWLYH WHPSHUDWXUH *'' YDOXHV 7KHVH ZHUH FDOFXODWHG WR FOHDUO\ H[SODLQ KRZ WKH GDLO\ UDQJH RI
WHPSHUDWXUHRIERWKXSSHUDQGORZHUOLPLWVDIIHFWVJURZWKDQGXOWLPDWHO\\LHOG
7KHQXPEHURIGD\VWKDWWHPSHUDWXUHYDOXHVH[FHHGHGWKHOLPLWYDOXHIRU&SODQWLVSUHVHQWHGLQ7DEOH'DWD
VKRZHG XSSHU SRLQW LQGLFDWHG DW R& DQG FULWLFDO XSSHU DW R& 7DEOH  LQGLFDWHG RI QXPEHU RI GD\V WKDW
WHPSHUDWXUH H[FHHGHG WKH OLPLW RI UDQJH GXULQJ WKH WKUHH \HDUV RI WKLV H[SHULPHQW &UDIWV%UDQGQHU DQG 6DOYXFFL

7DEOH7KHQXPEHURIGD\VZKLFKGDLO\WHPSHUDWXUHXSSHUSRLQWLQGLFDWHGDWR&DQGFULWLFDOXSSHUDWR&LQPRQWKV
   
R& R& R& R& R& R&
0D\      
-XQH      
-XO\      
$XJXVW      
7RWDO      

(DUZHLJKW J3HUHDUZHLJKWVZHUH WDNHQE\ZHLJKWLQJHDUVVHOHFWHG IURPHDFKSDUFHODQGZHUHDYHUDJHG
ERWK3*DQG.
3ODQWKHLJKWFP3UHKDUYHVWSODQWKHLJKWZDVPHDVXUHGZLWKSODQWIURPSDUFHOERWK3*DQG.
(DUKHLJKWFP3RVWKDUYHVWHDUKHLJKWZDVPHDVXUHGZLWKHDUIURPSDUFHOERWK3*DQG.
%ODQNWLSRIHDUFP%ODQNWLSRIHDULVRQHRIWKHLPSRUWDQWSUREOHPFDXVHG\LHOGORVVZLWKNHUQHOVHWVWHPIURP
LQHIIHFWLYHSROOLQDWLRQNHUQHO DERUWLRQRUERWK $QRQ\PRXV7KHUHIRUHSRVWKDUYHVWEODQN WLSRI HDUZDV
PHDVXUHGZLWKHDURQZKLFKPHDVXUHGHDUKHLJKWIURPSDUFHOERWK3*DQG.
'U\PDWWHUELRPDVVDQG5*5UHODWLYHJURZWKUDWH'XULQJWKHJURZLQJSHULRGELRPDVVDQGGU\PDWWHUYDOXHV
ZHUHPHDVXUHGIURPWKHVDPSOHGSODQWV6DPSOLQJZDVPDGHIRUWLPHVWKURXJKRXWWKHYHJHWDWLYHJURZWKSHULRG
RIFRUQ>OHDI9OHDI9OHDI9OHDI9WDVVHOLQJ97@DQGWLPHVWKURXJKRXWWKHJHQHUDWLYH
JURZWKSHULRG>VLONLQJ5EOLVWHU5PLON5GRXJK5GHQW5DQGPDWXULW\5@%HDQDQG3DWULFN
6DPSOLQJGDWHVGXULQJWKHFRUQJURZLQJSHULRGLVSUHVHQWHGLQ7DEOH
7DEOH6DPSOLQJGDWHVGXULQJWKHFRUQJURZLQJSHULRGIRUELRPDVVDQGGU\PDWWHUPHDVXUHPHQWV
*URZLQJ6WDJHV 'DWHV  
OHDI 0D\WK 0D\WK 0D\WK
OHDI 0D\WK -XQHWK -XQHWK
OHDI -XQHWK -XQHWK -XQHWK
OHDI -XQHWK -XQHWK -XQHWK
7DVVHOLQJ -XQHWK -XO\WK -XO\WK
6LONLQJ5 -XO\WK -XO\WK -XO\WK
%OLVWHU5 -XO\WK -XO\WK -XO\WK
0LON5 -XO\WK -XO\WK -XO\WK
'RXJK5 $XJWK $XJWK $XJWK
'HQW5 $XJWK $XJWK $XJWK
0DWXULW\5 $XJWK 6HSWHPEHUWK 6HSWHPEHUWK

,QSUHGHWHUPLQHGJURZLQJVWDJHVSODQWIRUWKHPHDVXUHPHQWRIWRWDOZHLJKWDQGWKHGU\PDWWHUZHUHFXWIURP
WKH URRW FROODU DQGGLYLGHG LQ OHDI VWHPDQGHDU7KH VDPSOHVZHUHZHLJKWHG WRGHWHUPLQHELRPDVVYDOXHV LQ WKH
JURZLQJVWDJH7KHVDPSOHVZHUHKHOGDWR&IRUKRXUVWRGHWHUPLQHGU\PDWWHULQWKHJURZLQJVWDJH3HUU\DQG
&RPSWRQ7KHGULHGVDPSOHVZHUHZHLJKHG7KXVWKHGU\PDWWHULQDSODQWZDVGHWHUPLQHG5HODWLYHJURZWK
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UDWH5*5ZHUHFDOFXODWHGE\SODFLQJWKHPHDVXUHGGU\PDWWHUDPRXQWDQGJURZLQJVHDVRQOHQJWKGD\SODFHVLQ
WKHIRUPXOD7KHIRUPXODVRIWKHFDOFXODWHGSDUDPHWHUDUHJLYHQEHORZ.DVVHP
5HODWLYHJURZWKUDWH5*5>JNJ'0G@ :;¨:¨W+XQWHWDO
:WRWDOGU\ZHLJKW¨:GU\PDWWHULQFUHDVHDPRXQW¨W7LPHGLIIHUHQFH
2.3. Statistical analysis 
$OO GDWD SHU HDU ZHLJKW SODQW KHLJKW HDU KHLJKW DQG EODQN WLS RI HDU FROOHFWHG IURP WKH WUHDWPHQWV ZHUH
VWDWLVWLFDOO\DQDO\]HGXVLQJWKH7$5,67SDFNDJHVRIWZDUH$oÕNJ|]HWDODVDUDQGRPL]HGEORFNGHVLJQZLWK
IRXU UHSOLFDWLRQV XVLQJ DQDO\VLV RI YDULDQFH WR HYDOXDWH WKH HIIHFW RI GLIIHUHQW \HDUV RQ WKH FRUQ 0HDQV DPRQJ
WUHDWPHQWVZHUHFRPSDUHGXVLQJ/HDVW6LJQLILFDQW'LIIHUHQFH/6'DW3İSUREDELOLW\
5HVXOWVDQG'LVFXVVLRQV
*'' YDOXHV DQG OHQJWK RI HDFK SKHQRORJLFDO VWDJHV ZHUH FDOFXODWHG IRU DOO SKHQRORJLFDO VWDJHV GXULQJ FRUQ
JURZLQJSHULRGDQGZHUHSUHVHQWHGLQ7DEOH$OWKRXJKWRWDOOHQJWKRIJURZLQJSHULRGLQZDVWKHELJJHVWRI
WKHH[SHULPHQW WRWDO*''RIZDV WKHVHFRQGELJJHVWYDOXHRI WKHH[SHULPHQW7KLUG\HDURI WKHH[SHULPHQW
ZDVJLYHQWKHELJJHVW*''YDOXH%HVLGHV*''YDOXHVRISKHQRORJLFDOVWDJHV>OHDI9OHDI9
OHDI9WDVVHOLQJ97PLON5GRXJK5@LQZHUHELJJHUWKDQWKHRWKHUV,QDGGLWLRQWKHQXPEHURI
GD\V WKDW WHPSHUDWXUH YDOXHV H[FHHGHG WKH OLPLW YDOXH IRU FRUQSODQW FRQGXFWHG E\&UDIWV%UDQGQHU DQG 6DOYXFFL
 LVSUHVHQWHG LQ7DEOH 1XPEHURIGD\VXSSHUR&DQGFULWLFDOR&GXULQJJURZLQJVHDVRQZDV
KLJKHUWKDQRWKHU\HDUVDQG7KHUHIRUHZHVDLGWKDWLQJURZLQJSHULRGLQFRUQSODQWVZHUHH[SRVHG
WRKLJKHUWHPSHUDWXUHIURP*''DQGKHDWVWUHVVQXPEHURIGD\XSSHUR&DQGFULWLFDOR&

7DEOH'D\OHQJWKDQG*''YDOXHRIGLIIHUHQWFRUQSKHQRORJLFDOVWDJHVGXULQJLQDQG
*URZLQJ6WDJHV
  
/HQJWKGD\ *'' /HQJWKGD\ *'' /HQJWKGD\ *''
OHDI      
OHDI      
OHDI      
OHDI      
7DVVHOLQJ      
6LONLQJ5      
%OLVWHU5      
0LON5      
'RXJK5      
'HQW5      
0DWXULW\5      
7RWDO      

/HDVW 6TXDUH PHDQV RI PHDVXUHG SDUDPHWHUV HDU ZHLJKW SODQW KHLJKW HDU KHLJKW DQG EODQN WLS RI HDU ZDV
FDOFXODWHG WKURXJKYDULDQFHDQDO\VLV 7DEOH ,WZDV IRXQG WKDW\HDUSURYLGHGVLJQLILFDQWGLIIHUHQW UHVXOWV IRUDOO
SDUDPHWHUV H[SHFW RI HDU ZHLJKW SDUDPHWHU $YHUDJH YDOXHV RI SDUDPHWHUV DQG FDOFXODWHG /6' YDOXHV RI WKH
LPSRUWDQWRQHVDPRQJYDULDWLRQUHVRXUFHVDUHSUHVHQWHGXQGHUWKH7DEOH
$V LW VKRZQ LQ7DEOH WKH DYHUDJHRISODQW KHLJKWZDV FP7KHKLJKHVW SODQW KHLJKWYDOXH  FP
REWDLQHGIURPWKHILUVW\HDUDQGWKHORZHVWYDOXHFPZDVREWDLQHGIURPWKHWKLUG\HDURIWKHH[SHULPHQW7KH
VHFRQG \HDU YDOXH  FP RI WKH H[SHULPHQW ZDV ORFDWHG EHWZHHQ WKH ILUVW \HDU DQG WKH WKLUG \HDU YDOXH
3UHFLSLWDWLRQUDWHZKLFKFDQEHXVHGWRHVWLPDWHWKHDPRXQWRIZDWHUVWUHVVLVXVHGWRH[SODLQYDULDWLRQLQ\LHOGV,WLV
DQLQGLUHFW LQGLFDWRUIRUVRLOPRLVWXUHDQGDOVRDIIHFWVVRPHPRUSKRORJLFDOSURSHUWLHVEHVLGHV\LHOG7DERU
/RZHUPRQWKO\SUHFLSLWDWLRQUDWHGXULQJWKHODVWPRQWKVRI1RYHPEHUDQG'HFHPEHUDQGDWWKHHDUO\RI
-DQXDU\)HEUXDU\0DUFKDQG$SULOLQIOXHQFHGSODQWKHLJKW:HFDQVD\WKDWLQFUHPHQWLQSODQWKHLJKWZDVUDSLG
RQVXLWDEOHFRQGLWLRQVDFFRUGLQJWRGLVWULEXWLRQRIPRQWKO\SUHFLSLWDWLRQUDWHZLWKLQWKH\HDU
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7DEOH&RPELQHGDQDO\VLVRIYDULDQFHPHDQVTXDUHVRI3ODQWKHLJKW(DUKHLJKW%ODQNWLSRIHDU(DUZHLJKW
9DULDQFHVRXUFH 3ODQWKHLJKW (DUKHLJKW %ODQNWLSRIHDU (DUZHLJKW
<HDU    QV
(UURU    
33QVLQVLJQLILDQW

(DUKHLJKWYDOXHVRIFRUQZHUHSUHVHQWHGLQ7DEOH7KHDYHUDJHRISODQWKHLJKWZDVFP7KHKLJKHVWSODQW
KHLJKWYDOXHFPREWDLQHGIURPWKHILUVW\HDUDQG WKH ORZHVWYDOXHFPZDVREWDLQHGIURPWKH WKLUG
\HDURIWKHH[SHULPHQW7KHVHFRQG\HDUYDOXHFPRIWKHH[SHULPHQWZDVORFDWHGEHWZHHQWKHILUVW\HDUYDOXH
DQGWKHWKLUG\HDUYDOXH

7DEOH2EWDLQHGPHDQYDOXHVRILQYHVWLJDWHG\LHOGSDUDPHWHUV
<HDU 3ODQWKHLJKWFP (DUKHLJKWFP %ODQNWLSRIHDUFP (DUZHLJKWJ
    
    
    
$YHUDJH    
/6'    QV


%ODQNWLSRIHDUYDOXHVRIFRUQZDVSUHVHQWHGLQ7DEOH7KHDYHUDJHRIEODQNWLSRIHDUZDVFP7KHJUHDWHVW
EODQNWLSRIHDUYDOXHFPREWDLQHGIURPWKHWKLUG\HDU)LUVWDQGVHFRQG\HDUVRIWKHH[SHULPHQWZHUHVKRZHG
VDPHYDOXHFP3RRUVHHGQXPEHULVGHWHUPLQHGLQSROOLQDWLRQGDWHIURP$QRQ\PRXVDQGWKURXJKWKH
HDUO\ VWDJHVRINHUQHOGHYHORSPHQW VWDJHV  WRZHHNVDIWHUSROOLQDWLRQ7KHVHGDWHVZHUH LQGLFDWHG -XO\ LQ DOO
\HDUVRI WKHH[SHULPHQW%XWH[WUHPHKRWZHDWKHUXSSHUSRLQWR&DQGFULWLFDOXSSHUDWR&VKRZHG7DEOH
ZHUHDSSHDUHG LQ%HVLGHVYHU\ ORZDLUKXPLGLW\ UDWHV DOVRZHUHREVHUYHG LQ 7DEOH ,I WKH UHODWLYH
KXPLGLW\LV WRRORZDW WKLVVWDJHDIWHU WKDWWKHVWLJPDRU WKHSROOHQFDQGHVLFFDWHDVDUHVXOWRIZKLFKSUHYHQWV WKH
JHUPLQDWLRQRIWKHSROOHQ$EQRUPDOKXPLGLW\UDWHVORZRUKLJKKDYHEHHQIRXQGWREHFXOSULWLQDSRRUVHHGVHW
2]RUHV+DPSWRQDQG0F$YR\$EHQGURWKHWDO7KHUHIRUHSRRUNHUQHOVHW LVQRW VXUSULVLQJ IRUXV
WKDWDUHREYLRXVO\WKHVHYHUHO\VWUHVVHGLQ
%HFDXVHRI LQIOXHQFHGGLUHFWO\ WKH ILQDOJUDLQ\LHOGSHUHDUZHLJKW LVRQHRI WKHVLJQLILFDQWSURSHUWLHV IRUFRUQ
0LQ  (DUZHLJKW YDOXHV RI FRUQZHUH SUHVHQWHG LQ 7DEOH  7KH DYHUDJH RI HDUZHLJKWZDV  J DQG
PD[LPXPHDUZHLJKWJZDVUHJLVWHUHGLQWKHILUVW\HDURIWKHH[SHULPHQW7KDQDYHUDJHRIHDUZHLJKW
LQ J DQG JZHUHRUGHUHGDFFRUGLQJ WR VL]H3UHFLSLWDWLRQ UDWHRI IRXUPRQWKV -DQXDU\
)HEUXDU\0DUFKDQG$SULO LQZDVYHU\ ORZ%HVLGHVDLUKXPLGLW\UDWHGXULQJJHQHUDWLYHSKDVHV-XQH-XO\
DQG$XJXVWZDVORZHUWKDQQRUPDO)RUWKHVHUHDVRQODFNRIZDWHULQWKHVRLODWWKHVHHGOLQJVWDJHRISODQWDQGORZ
DLUKXPLGLW\GXULQJWKHJHQHUDWLYHSKDVHVGDPDJHGVWDQGDUGFRUQSODQWJURZWKDQGREWDLQHGILQDOO\\LHOG6WRPDWDO
FORVXUHRFFXUVLQUHVSRQVHWRDQXPEHURIHQYLURQPHQWDOIDFWRUVPRVWQRWDEO\GDUNQHVVORZDLUKXPLGLW\DQGKLJK
WHPSHUDWXUH:LOOPHUDQG)ULFNHU/RZKXPLGLW\DQGKHDWVWUHVVDIIHFWQHJDWLYHO\VWRPDWDOGHQVLW\%HHUOLQJ
HWDO OHDIDLUYDSRUSUHVVXUHGLIIHUHQFH /DZVRQHWDODQGZDWHUXVHHIILFLHQF\ )HUULVHWDO
FRUUHVSRQGLQJO\ PDQ\ SK\VLRORJLFDO DQG PRUSKRORJLFDO SURSHUWLHV %RFFDODQGUR HW DO  7KHUHIRUH DOO
PHDVXUHGSDUDPHWHUVSODQWKHLJKWHDUKHLJKWEODQNWLSRIHDUDQGHDUZHLJKW LQZHUHORZHUWKDQDQG
:H VDLG WKDW DELRWLF VWUHVV IDFWRUVZHUH UHDOO\ DIIHFWHG FRUQJURZLQJ ,W LV DOVR FODLPHG WKDW HQYLURQPHQWDO
FRQGLWLRQVDUHYHU\LPSRUWDQWIRUWKHFRUQSODQWJURZLQJDQG\LHOGSURGXFWLRQ
%LRPDVV DQG GU\ PDWWHU DUH LPSRUWDQW VLJQDO WKDW LQGLFDWLYH RI HQYLURQPHQWDO IDFWRUV DQG FRQGLWLRQ RI FRUQ
JURZLQJ 'U\ PDWWHU PRYHPHQWV GXULQJ WKH YHJHWDWLYH DQG JHQHUDWLYH SHULRG HOHYHQ SKHQRORJLFDO VWDJHV ZHUH
SUHVHQWHG )LJXUH  DQG ELRPDVVPRYHPHQWV ZHUH DOVR SUHVHQWHG )LJXUH  'U\PDWWHU DQG ELRPDVV YDOXHV ZHUH
GLYLGHGLQOHDIVWHPDQGHDU&DOFXODWHG5*5YDOXHVPRYHPHQWVRIFRUQSODQWGXULQJWKHH[SHULPHQW\HDUVZHUH
SUHVHQWHG)LJXUH

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D E F
)LJ$YHUDJHRIGU\PDWHUDWGLIIHUHQWSKHQRORJLFDOVWDJHVRIFRUQLQDEDQGF
'U\PDWWHUSURGXFWLRQ LQFUHDVHG IURPHPHUJHQFHXQWLOPDWXULW\RI WKHFRUQSODQW LQDOO\HDUV7KHJUHDWHVWGU\
PDWWHUYDOXHZDVJLYHQSK\VLRORJLFDOPDWXULW\VWDJHLQJSODQWVHFRQG\HDUDQGWKLUG\HDUYDOXHVLQ
SK\VLRORJLFDOPDWXULW\ZHUHOLVWHGDFFRUGLQJWRVL]HDVJSODQWDQGJSODQWUHVSHFWLYHO\WKHGDWDQRW
SUHVHQWHG'U\PDWWHUYDOXHVLQJURZLQJVHDVRQZDVPXFKOHVVWKDQDQG\HDUV)LJXUH$VKDUS
LQFUHDVHZDVDFKLHYHGWLOO WKHHDUO\IUXLWLQJVWDJHZKHUHWKHGU\PDWWHUZDVDOORFDWHGWRGLIIHUHQWSDUWVRI WKHFRUQ
SODQW OHDYHV DQG VWHP0HDVXUHGGU\PDWWHU RI HDUZDVEHJLQQLQJ IURP5 VWDJH WR5 VWDJH ,QLWLDO GU\PDWWHU
YDOXH RI HDUZDV ORZ GXULQJ5 VWDJH DQGPD[LPXP YDOXHZDV DFKLHYHG E\5 VWDJH FRQWLQXRXVO\ LQFUHDVHG LQ
IXUWKHUVWDJHVRIVHHG'U\PDWWHURIHDUVRQ WKH5VWDJHZDVJUHDWHU WKDQ WRWDORI WKHRWKHUSODQWSDUWV OHDIDQG
VWHP LQDQG$WYHJHWDWLYHVWDJHVRIFRUQ55555DQG5 WKHGU\PDWWHUDOORFDWLRQZDV
FRQILQHGRQO\IRUHDUGHYHORSPHQWLQWKHVH\HDUV%XWGU\PDWWHURISODQWSDUWVHDUJWRWDORIVWHPDQGOHDI
JFDOFXODWHGRQWKH5VWDJHLQZHUHQHDUO\HTXDOWKHGDWDQRWSUHVHQWHG7KHPDMRULW\RIGU\PDWWHU
ZKLFK DFFXPXODWLQJ LQ WKH VWHPV DQG OHDYHV GXULQJ YHJHWDWLYH SHULRG LV WUDQVSRUWHG HDU DQG VHHG RI FRUQ GXULQJ
JHQHUDWLYH SHULRG XQGHU VXLWDEOH JURZLQJ FRQGLWLRQV ,I ELRWLF RU DELRWLF VWUHVV IDFWRUV VKRZ XS WKH GU\ PDWWHU
WUDQVSRUWDQGKHDOWK\OLIHF\FOHRISODQWPD\EHDIIHFWHGQHJDWLYHO\7KHVHUHVXOWVZHUHDGYLVHGXVDERXWSODQWVOLIH
F\FOHDQGDERXWZKHWKHUXQGHUVWUHVVFRQGLWLRQVRUQRWGXULQJWKHJHQHUDWLYHSHULRGRIFRUQ)LHOGFRQGLWLRQVLQ
LVUHDOO\XQVXLWDEOHIRUFRUQJURZWK

D E F
)LJ$YHUDJHRIELRPDVVDWGLIIHUHQWSKHQRORJLFDOVWDJHVRIFRUQLQDEDQGF
,QJURZWKVWDJHVELRPDVVFKDQJHVKRZHGLQDOO\HDUVRIWKHH[SHULPHQW)LJXUH0D[LPXPELRPDVVYDOXHVJ
GXULQJ WKH JURZLQJ VHDVRQ ZHUH PHDVXUHG LQ WKH ILUVW \HDU RI WKH H[SHULPHQW  H[FHSW 9 5 DQG 5
SKHQRORJLFDOVWDJHV,WZDVLQGLFDWHGWKDWELRPDVVJSODQWEHJDQZLWKPLQLPXPYDOXHDWVHHGOLQJDQGVPRRWKO\
LQFUHDVHGWLOOWKHVLONLQJ5VWDJHLQDOO\HDUV$IWHUWKDWVRPHSKHQRORJLFDOVWDJHV5DQG5VWDJHVLQ5
DQG5VWDJHVLQDQG55DQG5VWDJHVLQZHUHVKRZHGWKDWELRPDVVUDWHGHFUHDVHG7KHFKDQJHLQ
ELRPDVVUDWHGHFUHDVHZDVH[WUHPHO\DSSHDUHGVWHDPDQGOHDIYDOXHVLQWKHWKUHH\HDUV(DUELRPDVVYDOXHVZHUH
QHYHUGHFUHDVHGEHJDQ5VWDJHWR5VWDJHGXULQJDOO\HDU
5HODWLYHJURZWKUDWHVKRZHGIRUJURZLQJVWDJHVLQ)LJXUH*HQHUDOO\5*5ZHUHKLJKHULQWKHHDUO\VWDJHVRI
JURZWKDQGLWZDVQHDUO\PDLQWDLQHGXQWLO5VWDJH5*5YDOXHH[KLELWHGSHDNRIPD[LPDGXULQJ5VWDJHLQWKHDOO
\HDUVRI WKHH[SHULPHQW$QG WKHQDSUHWW\KDUGGHFOLQHZDVDSSHDUDQFHZLWK WKHDGYDQFHPHQWRIJURZLQJVHDVRQ
5555DQG5VWDJHVLQDOO\HDUV,WZDVLQGLFDWHGWKDWLQHDUO\VWDJHVRIJURZWK5*5RIFURSUHPDLQHG
KLJKHU DQG LW GHFOLQHG LQ DGYDQFHPHQW RI DJH 7DQ HW DO  $WPDWXUH VWDJH RI FRUQ 5 LW GHFOLQHG WR D
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PLQLPXPYDOXHLQDOO\HDUVRIWKHH[SHULPHQWH[FHSW0LQLPXP5*5YDOXHUDLVHGGXULQJPLONVWDJHLQ
5*5 LV WKH IXQGDPHQWDOSDUDPHWHUZKLFKSURYLGHVRQHRI WKHPRVWHFRORJLFDOO\ VLJQLILFDQWDQGXVHIXO LQGLFHVRI
SODQWJURZWK7DOXNGHUHWDO%HVLGHLWLVFRQILUPHGWKDWLPSRUWDQFHRI5*5LQWKHDGDSWDWLRQRIWKHSODQWWR
LWVHQYLURQPHQW%XUGRQDQG+DUSHU2XUUHVXOWZDVFRPSDWLEOHZLWK WKRVHVWXGLHV+HQFH LWZDV LQGLFDWHG
WKDWJURZLQJVHDVRQKDGH[WUHPHO\XQVXLWDEOHHQYLURQPHQWDOIDFWRUVIRUFRUQJURZLQJ

D E F
)LJ$YHUDJHRI5*5YDOXHVDWGLIIHUHQWSKHQRORJLFDOVWDJHVRIFRUQLQDEDQGF
&RQFOXVLRQV
7KHSXUSRVHRI WKHVWXG\LVGHWHUPLQLQJWRDFFXUDWHO\SUHGLFW\LHOGRIPDL]HYLDELRPDVVGU\PDWWHUDQG5*5
YDOXHV DQG VRPHPRUSKRORJLFDO FKDUDFWHULVWLFV VXFK DV SODQW KHLJKW FP HDU KHLJKW FP EODQN WLS RI HDU FP
XQGHUWKHZHDWKHUFRQGLWLRQVLQ0HGLWHUUDQHDQUHJLRQZKLFKLVGUDPDWLFDOO\FKDQJLQJIURP\HDUWR\HDU)LUVWO\RXU
GHWHUPLQDWLRQ IRU PD[LPXP \LHOG WKDW LW VKRXOG EH LGHDO DLU KXPLGLW\ YDOXH DSSUR[LPDWHO\  DQG PRQWKO\
SUHFLSLWDWLRQ UDWH GXULQJ JURZLQJ VHDVRQ E\ LQFOXGLQJ -DQXDU\ )HEUXDU\ DQG0DUFK UDWKHU WKDQ KLJK GDLO\ DLU
WHPSHUDWXUH DQG *'' YDOXHV 6HFRQGO\ HQVXULQJ RSWLPDO JURZLQJ XQGHU IDYRUDEOH FRQGLWLRQV WKDW PLQLPL]H
HQYLURQPHQWDO VWUHVV DQGDOORZ\LHOGV WRDSSURDFK\LHOGSRWHQWLDO OHYHOV$QGZHZHUHFRQFOXGHGRQ WKHEDVLVRI
JURZWKSDUDPHWHUVVXFKDVGU\PDWWHUELRPDVVDQG5*5GDWDWKDWWKLVQHZPDWHULDOFRXOGVXSSRUWWRLQFUHDVHVHHG
VL]HDQGVHHGVQXPEHUSHUHDUGHFUHDVHEODQNWLSRIHDUFRXOGEHDFKLHYHG(VSHFLDOO\WKUHHSDUDPHWHUVFDPHLQWR
SURPLQHQFH UDLQIDOO DPRXQWV DQG DLU KXPLGLW\ RI WKH \HDUV DQG GHWHUPLQLQJ WKH QXPEHU RI GD\V ZKHQ GDLO\
WHPSHUDWXUHULVHVDERYHR&GXULQJJURZWKVWDJHVHVSHFLDOO\LQIORZHULQJDQGJUDLQILOOLQJSHULRGRIFRUQ$OO
\LHOGSDUDPHWHUVKDGWKHORZHVWYDOXHDQGEODQNWLSRIHDUZKLFKGHWHUPLQHVWKHQXPEHURIJUDLQVSHUHDUKDGWKH
KLJKHVW YDOXH WKDW HIIHFWHG \LHOG DGYHUVHO\ LQ  6LPLODUO\ UDLQIDOO DPRXQWV DQG DLU KXPLGLW\ YDOXHV DUH DOVR
H[DPLQHGWKHORZHVWDLUKXPLGLW\DQGUDLQIDOODPRXQWHVSHFLDOO\LQ0DUFKDQG$SULOYDOXHVWKDQRWKHUWZR\HDUV
2QWKHRWKHUKDQGWKHUHZDVDQLQFUHDVHDWFULWLFDOGDLO\WHPSHUDWXUHVWRWDOO\XSSHUR&DQGFULWLFDOR&
LQWKHODVW\HDURIWKHH[SHULPHQW7KHVHH[RUELWDQWWHPSHUDWXUHVEDVLFDOO\HIIHFWIORZHULQJDQGJUDLQILOOLQJSHULRGV
RIFRUQDQGDVDUHVXOWRIWKLVORZ\LHOGDQGKLJKEODQNWLSRIHDUYDOXHVDUHREWDLQHG$OWKRXJK*''YDOXHVZKLFK
JLYHVLQIRUPDWLRQDERXWFURSJURZWKZHUHFDOFXODWHGKLJKHVWUHVXOWLQ)LQDOO\WKHHIIHFWRI*''YDOXHVIRU
HVWLPDWLRQ\LHOGKDVORZHUHIIHFWWKDQRWKHUWZRSDUDPHWHUVFULWLFDOWHPSHUDWXUHVDQGDLUKXPLGLW\UDLQIDOODPRXQW
$FNQRZOHGJHPHQWV
7KLVVWXG\ZDVLQVSLUHGIURPDSDUWRIWKH3K'WKHVLVRI<DNXS2QXU.2&$LQ$\GÕQORFDWLRQRI7XUNH\DQGDOVR
ZDVILQDQFHGIURP%$3SURMHFWQR=5)±
5HIHUHQFHV
$EHQGURWK/(OPRUH5%R\HU00DUOD\6&RUQJURZWKDQGGHYHORSPHQW,RZD6WDWH8QLYHUVLW\([WHQVLRQ305
$oÕNJ|] 1 øONHU ( *|No|O $  %L\RORMLN $UDúWÕUPDODUÕQ %LOJLVD\DUGD 'H÷HUOHQGLULOPHOHUL ,6%1  (h 7RKXP
7HNQRORMLVL$UDúWÕUPDYH8\JXODPD0HUNH]L<D\ÕQ1R%RUQRYDø]PLU
$QRQ\PRXV  7XUNLVK *UDLQ %RDUG *UDLQ %XOOHWLQV LQ  KWWSZZZWPRJRYWU8SORDG'RFXPHQWUDSRUODU
KXEXEDWVHNWRUUDSRUXSGI
$QRQ\PRXV3HVWDQG&URSDJURQRP\WLSVKWWSH[WHQVLRQHQWPSXUGXHHGXSHVWFURSLVVXH
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%DUROL , 'HDQ 3ULFH * %DGJHU 0 YRQ &DHPPHUHU 6  7KH FRQWULEXWLRQ RI SKRWRV\QWKHVLV WR WKH UHG OLJKW UHVSRQVH RI VWRPDWDO
FRQGXFWDQFH3ODQW3K\VLRO
%HDQ%3DWULFN&&RUQ'HYHORSPHQWDQG.H\*URZWK6WDJHV+WWSOXEERFNWDPXHGXFRUQSGIFRUQGHYVWDJHVSGI
%HHUOLQJ'-.HOO\&.6DOLVEXU\(-6WRPDWDOGHQVLW\RIWHPSHUDWXUHZRRGODQGSODQWVRYHUWKHSDVWVHYHQGHFDGHVRI&2LQFUHDVH
DFRPSDULVRQRI6DOLVEXU\ZLWKFRQWHPSRUDU\GDWD$P-%RW
%RFFDODQGUR +( 5XJQRQH 0/ 0RUHQR -( 3ORVFKXN (/ 6HUQD / <DQRYVN\ 0- &DVDO --  3K\WRFKURPH % (QKDQFHV
3KRWRV\QWKHVLVDWWKH([SHQVHRI:DWHU8VH(IILFLHQF\LQ$UDELGRSVLV3ODQW3K\VLRORJ\9ROS
%XUGRQ--+DUSHU-/5HODWLYHJURZWKUDWHVRILQGLYLGXDOPHPEHUVRIDSODQWSRSXODWLRQ-RXUQDORI(FRORJ\
&RXSH6$3DOPHU%*/DNH-$2YHU\6$2[ERURXJK.:RRGZDUG),*UD\DQG-(4XLFN:36\VWHPLF6LJQDOOLQJRI
(QYLURQPHQWDO&XHVLQ$UDELGRSVLV/HDYHV-RXUQDORI([SHULPHQWDO%RWDQ\9RO1RS
&UDIWV%UDQGQHU 6- 6DOYXFFL (0  6HQVLWLYLW\ RI 3KRWRV\QWKHVLV LQ $ & 3ODQW0DL]H WR +HDW 6WUHVV $PHULFDQ 6RFLHW\ RI 3ODQW
3K\VLRORJLVWV
'DGDVKL)=DHIDULDQ)$EEDVL5%DKPDQ\DU0$5H]YDQL05HVSRQVHRIOHDIDUHDDQGGU\PDWWHURIFURSZHHGVDQGFRYHUFURSV
WRFRPSHWLWLRQDQGIHUWLOL]HUUHVRXUFHV$FWDDJULFXOWXUDH6ORYHQLFDS3
(GZDUGV -7 3XUFHOO/&9RULHV(' /LJKW ,QWHUFHSWLRQDQG<LHOG3RWHQWLDORI6KRUW6HDVRQ0DL]H =HDPD\V/+\EULGV LQ WKH
0LGVRXWK$JURQ-S
(JO\'%*XII\5')DFWRUVDVVRFLDWHGZLWKUHGXFHG\LHOGVRIGHOD\HGSODQWLQJRIVR\EHDQ$JURQRP\-RXUQDO
)HUULV51LMV,%HDHJKH7,PSHQV,(OHYDWHG&2DQGWHPSHUDWXUHKDYHGLIIHUHQWHIIHFWVRQOHDIDQDWRP\RISHUHQQLDOU\HJUDVVLQ
VSULQJDQGVXPPHU$QQ%RW
*HUPDQ$%'RQDOG*%6WHYHQ(+6RLO7HPSHUDWXUHDQG3ODQWLQJ'DWH(IIHFWVRQ&RUQ<LHOG/HDI$UHDDQG3ODQW'HYHORSPHQW
$JURQRP\-RXUQDO
+XQW5&DXVWRQ'56KLSOH\%$VNHZ$3$0RGHUQ7RROIRU&ODVVLFDO3ODQW*URZWK$QDO\VLV$QQDOVRI%RWDQ\
.DVVHP$60(IIHFWRIQXWULHQWOLPLWDWLRQRQSK\VLRORJLFDODQGPRUSKRORJLFDOSODQWWUDLWVUHODWHGWRJURZWKDQGTXDOLW\RIWRPDWR3K'
WKHVLV+XPEROGW8QLYHUVLW\LQ%HUOLQ)DFXOW\RI$JULFXOWXUHDQG+RUWLFXOWXUH
/DZVRQ72[ERURXJK.0RULVRQ-,/%DNHU155HVSRQVHVRI3KRWRV\QWKHWLF(OHFWURQ7UDQVSRUW LQ6WRPDWDO*XDUG&HOOVDQG
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